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(57) Abstract: A dual phase steel sheet having 
excellent burning workability, characterized 
in that it comprises, in mass %, 0.01 to 0,3 % 
of C, 0.01 to 2 % of Si, 0.05 to 3 % of Mn, 
0.1 % or less of P, 0.01 % or less of S and 
0.005 to 1 % of Al, and has a microstructure 
of a dual phase having a primary phase of 
ferrite and a secondary phase composed mainly 
of martensite or retained austenite, wherein 
a value obtained by dividing the volume 
fraction of the second phase by the average 
grain diameter of the second phase is 3 to 12, 
and a value obtained by dividing the average 
hardness of the secondary phase by an average 
hardness of the ferrite is 1.5 to 7; or a dual 
phase steel sheet having excellent burning 
workability, characterized in that it comprises, 
in mass %, 0.01 to 0.3 % of C, 0.01 to 2 % 
of Si, 0.05 to 3 % of Mn, 0.1 % or less of P, 
0.01 % or less of S and 0.005 to 1 % of Al, and 
has a microstructure of a dual phase having a 
primary phase of ferrite and a secondary phase 
composed mainly of martensite or 
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retained austenite, wherein the ferrite has an average grain size of 2 to 20 ?m, a value obtained by dividing the average grain size of 
the secondary phase by the average grain size of the ferrite is 0.05 to 0.8, and the secondary phase has a carbon content of 0.2 to 3 %. 

(57) 

f C: 0.01 — 0.3%, S i: 0.01-2%, Mn :0.05~3%, 

o. i%v s ^ o. 01%; a r : 0.005 - 1% £ tr itfc^ ^ ^ p la g% a 5 , 

x^-f h comz <D¥-&>mx*m 1 . 5 w ± 7 m t t? 5 ■ — y 

^ yijQjL&mmthzm&mffimfoo *>5v-m* x «*%-?, c: 0.01— 

0. 3%, S i : 0.01-21 Mn :0. 05-3%, P ^ 0. 1%, S ^ 0. 01%. A 
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-Y h-^/l'fVt-f h O *5 $1 (V^t^SDual PhaseiS) & 

590MPa|l & 780MPajfR £ $ b*5l3lg{b^^^V^oo$,5 0 — 

T? "fc Z> t m fc> tl X Vn 5 o # o T , 590ICPa» VlW litt^b^^o 
ft |£ f£ rfS 780MPaa T? ft IB Jg £ 5 rJ i&g # 3 , 

flljttfs #PI¥ 5 -179396-i- $ ^ pjfa»Sr 7 x K 
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, ^ — j> ^ ^flq ft ± ^ $ "T? & -5 rtfc^fcfci.EttiL-, 

91 £ ft U fc © t? & 5 o 

( 1 ) K * % K X , 

C : 0. 01~0. 3 % , 

Si : 0. 01 ~ 2 % % 
Mn : 0. 05 ~ 3 % s 

P : ^0.1 % , 

S : ^0. 01%, 

Al : 0. 005 ~ 1 % , 

T, H — tSO^p 7 a 7 h ^p^f*fc#t?^ Ufc^jt^O. 05^_h 

0.8 KTlo, IB — *B # 0. 2%U±3 o/oUTX& Z Z t 

( 2 ) K»% KIT, 
C : 0. 01~0. 3 %, 
Si : 0. 01— 2 %, 
Mn : 0. 05~ 3 % , 
P : ^0. 1 %, 
S : ^0. 01%, 
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Al : 0. 005 ~ 1 % , 

(3) ±|3 (1) £fcte (2) {cfB«©fliiS % 

Cu : 0.2~2%?:ttL, t©7x7^f hfri^lt5Cu©#ftt 

(4) ±i2 (i) ~ (3) (D ^-m^om^BM^m^ , 

, Kfi%{eiT, B : 0. 0002~0. 002 % 5 r. £ £r#ffc £: 1" 5 

(5) ±f3 (1) ~ (4) O \^-f ^l^C0^(^fS^(D^^^ $ e, (c: 
> fi%tt, Ni : 0.1- 1 %Sr^1f5r t?:#ti:t5^-P 

(6) ±f3 (1) ~ (5) O V^;ft^ f3gj£>^/&s s £ 

; K»%fcT, Ca : 0. 0005~0. 002 %, REM : 0. 0005~ 0. 02% <D — 

(7) ±i3 (i) ~ (6) <d \,^-ftifr<Dm^mM(Dm&, 

Ti : 0. 05—0. 5 °/ 0> 
Nb : 0. 01~0. 5 %, 
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Mo : 0. 05 — 1 % „ 
V : 0.02 — 0.2 % % 
Cr : 0. 01— 1 % % 
Zr : 0. 02 — 0. 2 % 

(8) ±15 (i) — (7) ©v^i*tb^o3gmia<ft©^^*^ri-<5 

fflT'fcoT. -t^^^p 111^, 7 * h £:X*@ £ L- „ $$ ~m te 
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(9) ±13 (1) — (7) OV^ti;^©:^}.- IB t5 
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liBS^T^fiStT- 1 -20#Mf f t, 20°C/ s ^JL<£> 

^aiST^uT, 350 < c^T^>ia««sa©#ffi[?aS"T?##^s 

(10) XfB (1) — (7) <D\,^-Tfrlfr(DmfcmM(Df&ft$:'g&m 

)f<Dmmj±m^mv, ftsinii, mm?** v ^ Stents ^ 

, Ar 3 «,£U£^_LAr 3 &Sg/£$&£ + 100 °C T Mtt_hJBE38i 
1:^7 tfcf, Ar a ^SI^^^^XAr 3 f ilSSKT^^StT' 
1 ~20® mm 9 U 2CC/ s «±0>?&*P3» It, 

(id _lib (i) - (7) <D^-rtn>><DTXKjRib<oj&&&<£ttm 

&Ar 3 aeiil/Stmft£t±T?SR|IBJBE3B6Sr»TU, $E < H^, ?fr H! JEE 3BE 
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d3) xt3 (i) ~ (7) <d \s^-tthfrcomi<cmm<Dj&ft&^&m 

> Ar 3 Il^fi^^±Ar 3 ^H;£?£S + 100 °C T ff& RB ifc Jb J± M 

l~20f^ff ^©t, 20°C/ s ^X©?^Sp31^-e^^|] LT, 
350 jg 450t?#T©»Attll©#B[»£-C#*8c5 r £: £ i~ 

d4) _hi3 (i) ~ (7) <d ^-f tifa fcmM<D &m 
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^-e 150°C^T^?a^^*T^SPi-§ r i: £#«£-t-5'<- V V 
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V y = (2/3) { 100/(0. 7X « (211) / y (220) + 1 ) }+ ( 
1 / 3 ) { 100/ (0. 78X a (211) / y (311) + 1 ) } 

fcfdU, a (211) , y (220) *5 £ t>* y (311) « % ^tb^^^rc^ 

-r h (a) i-^rt^ h (y) ©xiKltffitS-efes, 
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-ett3iAM@^7c**e&5 c ^ >r ©jfeAlfr^fcEffi: $ 

^{3 Co, Cu, Fe©K al^lV^t, — ;* ^ -f h © (002) , (022 

) , (113) , (222) &<DBLMnm*mfev^ xm c rxnia]#riKi& 

J :B.D.Cullity ^ (&ft2g;fcg|$tR) , 8e5££?tfcT^*) ta«<Z)H 
, cos 2 a (fcrtlL, 6>teSJ§t£|^) tfe^iltafcliili^i^^fc 

(R. C. Ruhl and M.Cohen, Transaction of the Metallurgical S 
ociety of AIME, vol 245(1969)pp241)fBifc<£> 
a 0 = 3.572+0.033 %C (&t$$Wk&) 

SR — ffi^Wy^^ Vf-^T h ft £ fcf# — 4H©ft**flPa:EPMA ( 
Electron Probe Micro Analyzer : l^H^-f ^ p Tt^'ff -) 

&/bv> % xm (m^m^4 ? * r -r v : iua Bfui 

$J5£Lfcf|-*@0$m 5 lS£A±T*fc 9 % &5$f -US i b 

y^v^ bx<Djfcmmmfrb, B-^vmmmm&nmi-zjimx 

ii 



3DOCID: <WO 0161640A1J_> 



WO 01/81640 



PCT/JP00/08934 



X) &m h -5 r t &X*% 5 o fete UBH»(MPa) b\Z, JIS5# B\ MUWi 

i, n&B\mnm*n o t# bttsie-c, ^stu^ 2.0% 

Formable HSLA and Dual-Phase Steels (1977), A. T. DAVEN 

port^, i3iH©Fig. 4 (c, m^umm<Dm^^mm. ^bhi ©i« 

Cs =1.5xl0" 4 exp (0.033XBH) 

cm= cc m*<Dj%m^mmL) -m /m (m=^m^mm) 

X V N 3 o 

i^ilHvs %-7^?4 h (D^ & MKvf X$fc Lfclfi^oV^TSIS 
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t) . S £?#£«©#« ft: IS — *a©gb**Sifei>tb, ft 
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site, ^a© ^ * ©ftiifci!T?a>5 fc#ft:, s^atte 
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Cute, iItil?i^#tt^^it5i^^l)5©T\ i&SKlJfc 
tt^f Lt^if^iiBtSo ^^i?s CuO^Wif* 0.2—2% 

b wu cu^ m^-m^-r s tin & y m%rm%±^g * s ^m^ 5 & 

£#3 tc fr \z.^ + ftXh *) , 0. 002%^^*ni-5 b ^ *7 ^fiJtb^^g 
U t £oT, B <7>»Pte 0.0002% 0. 002% b~t & 0 

fcfcU. 0. 1%^^-ete-^OSd*^/^^ < % l%^ittiiDtt 

Ca jo J: "CKREM S«Oig,& £ t£ o fc 9 s #D X$E Sr $ * 5 * 

n-ett0.0005%7fc?i^iB Ltt -^O^JHtfSfc <U Ca&£>WT 0.002% 
jffl, REM ft bttfO. 02%jg«P UTfc ^j&s&ffli- 5 Ca : 

0.0005~ 0.002 %, REM : 0. 0005—0. 02% ^Pi" 5 - btft&-§l 

o 
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££>fc, §S^^r##i-^ tc $> kl, Ti,-Nb, Mo, V, Cr, Zr<D*JffcH 

„ fefcL, -^H-^tLO. 05%, 0.01%, 0.05%, 0.02%, 0.01%, 0. 
Q2%*mT*te^<D%]&$:mz > £ £ ^t? $ fc V ^ Ztl^th 0.5 

% , 0. 5% , 1 % , 0.2% , 1 % , 0. 2%^Ii^JoLT^, * © 

Jfc *5 Sntt , ^ ^§ ^ O ^ ^ ^# 5 fc it> }C # ^ 26 -5 ^ ^ ^ ^ 

^u-c^j^l, musLT*y&m&, ftf&^?f*n*& ufc& kiss wee 

I^tt) <tVN 0 S*P^la^(-OV^T{*#^$i)PS{±^ V^^, 1400°C ^ 

±XhZ> t , ^^^^ #s ffi T i~ 5 © 

, S^P^?a^«1400°C*M^^^ uvn 0 1000°C*^CO^^{t 

(FT) 7)SAr3 &1&&m.mSk±kr3 mMMUm + lOO °C £4 T <0 
UmmX~mT'fZ>i&^&h5 0 rtl/fi, f&IBJJBE® * JZlJBEjEilflPj&SAr 

X&^f&teb, tt±»fifift^Ar3 seam's + 100 °C®1?«, tt± 

^*PXm^*5VNTtf 5-ffi«t'757<< h ^ H © it 7^ + # ft 
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*ffi*X*Oii5ffi7k©flf^EEP (MPa) x»|f L (VyhA'/cn* ) ^0. 

££$J , 1991, vol.77, No. 9, P1450 . 
P (MPa) = 5. 64XPo X V X H 2 
7c 7c U % 

Po (MPa) : mm.j3 

V ( !) y h/W/min) : / X/k^^* 
H (cm) : [5 i / X/l^P^©Sg^| 

L (9yYfr/cm 2 ) =V/ (WXv) 
7c 7c U . 

V (!) s> h^/min) : yX/UjKE^* 

w (cm) : y x/umfc *> mMWi&mfcmmizmt£oT\,-> z>m 

v (cra/min) : MtRMS. 
mmmP x^*l <D±m&. #*51©3&*&#3:f!fc«>R:W:#K:jt 
& 3 i& M V> # % y X/w «g * & if #0 $ * -5 £ 7 & 9k 

o 

ttJiW JEEiE^©fll4R©*^:i*l £Ry#15/i m (15 » mRy, 
12.5mm, lnl2. 5mm) £J(T-e*)5 r i: LV> 0 r *US % 09 ?L te* T 

«9> §&M£7cJ3m$5fe& life^® O*^^ 

$Ry£*BWtfS&5 £ t t>*t>m ?)^T^5, * 7c. *<0«©ttJb»fflE 
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h^^^U, @^tf57x7^ h i m ~m 
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tfc-hff JBE3»T#20°C/ s ^ _h © # £p 3g g T* % &m 
te^E iStt \z ffiT $ it ft in fc * f£ Wt . 1 ~10# MttSr t# 

(CT) * TM*20°C/ s ^JkD^SP 

f--f h % L< li3SSt-^ft^ h tfS#&ft-?\ @Wtt57x7 
-*S it5^ **&KUs#e>ftfcv>. 
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-f^-r h It + ft f£~*)V : r is-fr^C h&ft btl-f, IftitS 
7^9 4 ^ilgHTv^jyf^ h «r !£ — *g £ 1" 5 5 * n i&ltt 
i&s ^ ^> i?> , 350°C^T«5£1-5 o #&ia£©TR5 

— *\ Wis 5 ^ n 11^7 * h &£*b t 0-;fa£#:^# 

tfHtESrijRJtf Sli^-^*3V>Ttt 35O°C0 450°C ^T^iSfiSif 

5 5. 450 , C3BO«St»AT?W:H'ffe:4feSr# < 

S«)^t5^ ^ * jSajfc # # G> Jh, £ ^ ifc 450°C J^TitS^I^fe 

6 % h ti Jfe * 350°C iit5^g^^b5 0 

»JS"**5&ff ttfcV^ x JBETS&f*30%~80% if§:t #£F* 
„ £©3gm, £ET*#30%5feiHT?*>5 £: , £> « <Z> & «ti I ;g fc: *5 
V^MS^^|:4i:fItt^^U, — 80% j@ WEE 
Mm fc A flr # ^ a> 19 *f 5 fc tf> 80% £A T t ir 5 0 

1©7-Xl:^^!)^t< t£Z>tcbb 7 8 0 °C^_h 8 5 0 °C^T^*q 

18 



KDC1D: <WO 0161640A1J_> 



WO 01/81640 



PCT/JP00/08934 



Wtt 15-600 Jfcfc««p«©?&ipaaf^fc S ^20°C/ s 

<d / —x\z.frfrziBiti&hztzib, 2o°c/ s &>±<D&mmm t -r % 
tt^ v^-e, 35o°c sxt (dm. mm t- m ir z> 0 

t-^rt^ h *g £ gc £ it 5 350~450 °C CD ig.^ tefi^t" 5 ^ 
. roft^fiStovNtli, 450°c £fe |g b7t^}- — *-t^-y h 

»st- xT-r^t hm&$;m4k£ j &%i%wu&te 35o°c^ 45o°c^ 

7s 7- i~4 bft&ft hinted 0 £ tc , 600#3@©#i$li % ^<-f 
i^t-^Tt-f h*HS:Sfe^flS$*Sift«FB*IW«:, 15#&Jh 600# 

19 



.0181640A1J_> 



WO 01/81640 



PCT/JP00/08934 



D 

mmw i . 

£t3t#> * 2 Ki^*f-JjDl»aaP(SRT) T'S»ll, &J£M# fc |U C < 
I2fc/Tftt±(fj±l^g (FT) T? 1.2-5. 4mm <D « J? JE M U 7c 

^ 2 fc^-f^liias (ct) -e-tJh^tu^^&ofco ^s(^ 

o^tltfifflf (clff^J±2. 7MPa, mm 0. 001 U y Y ;V / cm 2 (D 0k 
# t? ift JEt* * - y ^ ^ £ o o 

JIS Z 2201fB«O 5 tKR^tJpi JIS Z 2241|B« © «8t;fr Sfe 
*5 i t^H <D#:^^ £ te. IPi«©iE®^fp]ifMji:^©l/4ff^ 

tev z>yt^mffiim-?s 200-500 m-^mm^ntc^ ? nmrn^fcte 

m^coay^^i*. JIS G 05523ICD > a 7^"r#ftWS^m^f-IB* 

JIS Z 2244fS«c© S> # $ f^ttZfrfe^o T^J^ U fc 0 
fc?cb % F«;>3te 0.049-0.098 N, B# HQ «: 15fJ> T? 2b 5 . 

*7c, #| ©^fjiaiS J3EPMA (Electron Probe Micro Analyze 

r : t^^^P7t7^f-) ( rifiv^^ 

20 



DOCID: <WO 0181640A1_L> 



WO 01/81640 



PCT/JP00/08934 



$<bfc, m 4 {Jl^-r«t 5 fcft $ 98mm, ij@38mm % * /h »r ® & <0 #1 # 
20mm. ® Q X% <om*.¥&&30n*'T*1bZ¥-mmyf&ft1tlW()tlZ.X* 

7G±mm *> (D^-m m if m^^m^n o it 0 mtk<Dm%¥?&i-±, iox 
io 7 ®T«om%m ow&m&<D$\mv)3&£ o Bx*&kv±m (m&m 

— y/tiBItt (ftifeUfl*) tomtit H^fSciHigSI 

JFS T 1001 -199613*5© ft fcfeff Mt*^to TfPfa bfc Q 

t^fi, £B A , B , C - 6 , G , K , L , M, N , 

o, p, Q<Diimm-vh v , mfe<Dm<DM)$ft &*a-* u, -^cds;^ 

i20/imgT, $&=L 1®<D -7 h U ft: 

^0. 05^_h 0.8^Ts J-O^-tBO^^^^^S 0.2%^±2%£(T 

-L S3 fll fci % ^T©Iftl<:j;oT*?Si©il^tfe5 0 

t4fct.s fllC-ltt, #:JhE®^T?&g (FT) ts*&m<D$Lm 
&Vm< s 7i7-f Mfc& (Df) % fg — # $ (dm/Df) % £ 

— (Cm) , $ (Vs/dm) 

£|C-2te s tt_hJ£M^T?SS (FT) 7^3§PJi£>«5H ± 0 IS < % 

21 



5DOCID: <WO 0181640A1J_> 



WO 01/81640 



PCT/JP00/08934 



m — %a<Ojz%& (dm/Df) % 7 a: h*5 J: tfffc — ft ©3lftf6 (Hv 

s/Hvf) *s*^W©«£ffl^"T?fe<5©-e. ^ (X) 

t«^P£^J£ (ffW/aB) TV^^ e $ £> % t> "f ^ # 

i^LTSi (El) l{£Tt5 0 

iff Spits (CR) ^*lM©li»K, 
MWtUm (CT) ^^^^cc^HJ: !) iSv\ lot, 7 = 9 4 

(Df) , f£-*|<D^£$ (dm/Df) , J§-*@^lf}t^ (Cm) *5 £ 

(Vs/dm) W||©||^^fe5©T\ + 
ft&ifm (X) &&Xfm&mmtk (aW/aB) fcftTV^VN 

o 

mc-4fc, mism.m (mt) 35s*^w©«sffl i 0 -ffi < > m~ 
(dm/Df) % m~mmmmm (go % y^^-c h&xtfiis— 
mommm (Hvs/Hvf) ^*Bie©iB^^fe5©T\ 

«C-5«, rt^Bfra (Time) # ft < , lil — *I <£>;*; ^ £ (dm/Df 
) % izlHeflg (Cm) „ -7zz.=7 4 h & £UM=-1®<V3%mM (Hv 
s/Hvf) #*»5!o«l^W5"«!>Y, +S*"^lt« r * U) *5~i:~ 

Xf&mm&tt, (aW/aB) # s # £> T V> ft 0 

^ n<ftJt^#bJx-f, + #ft5£S (TS) (aW/ 
a B ) tVTV^V^ 
*Ett, Si©t|ff ^^^iO^i^TfcSOT, + #ft3ilS ( 

ts) textfmmmmtt uw/cb) ^#b^^tv^^:v^ 0 

■Df) > (dm/Df) & £ tffg — £ (Vs/dro 

) *S**M<DttH^^*>5 0-T? % + 7>ft3£S (TS) v ^$£*:f^ (X 
) &£.Xfm%mmit (aW/aB) k^-cv^ vv 

22 

DOCID: <WO_0181640A1_L> 



WO 01/81640 



PCT/JPOO/08934 



El) % fttfcfcf* U) *5 i tf&#Rg£ifc (aW/aB) ^WfettT 













11%) 




a 


C 


Si 


Mn 


p 


S 


Al 






A 


0. 055 


0. 890 


1.21 


0. 008 


0. 0006 


0.032 






B 


0. 047 


1.640 


1.21 


0. 007 


0. 0008 


0. 025 






C 


0. 074 


1. 620 


1. 79 


0. 009 


0. 0009 


0. 026 






D 


0. 003 


0. 120 


0. 24 


0. 080 


0. 0008 


0. 019 






E 


0. 045 


0. 006 


1.22 


0. Oil 


0. 0011 


0. 030 




JtttM 


F 


0. 055 


0. 780 


0.03 


0.012 


0. 0008 


0. 033 




itmm 


G 


0. 067 


1. 590 


1.48 


0. 009 


0. 0007 


0. 032 


Curl. 18, Ni:0. 62 N B:0. 0002 




H 


0. 070 


1.660 


1.81 


0.008 


0. 0300 


0. 028 






I 


0. 071 


1. 610 


1.81 


0. 180 


0. 0010 


0. 025 






J 


0. 250 


0. 880 


1.11 


0. 080 


0. 0008 


0. 027 






K 


0. 072 


1.610 


1. 82 


0. 009 


0. 0011 


0. 030 


Ca:0. 0008 




L 


0. 120 


0.910 


1.51 


0.008 


0. 0013 


0. 038 


Ti:0.08 




M 


0. 081 


1. 881 


1.60 


0. 007 


0. 0010 


0. 036 


Nb:0. 03 




N 


0. 068 


1. 630 


0.21 


0. 008 


0. 0009 


0. 022 


Mo:0. 63 




O 


0. 066 


1.210 


2. 11 


0. 077 


0. 0009 


0. 023 


V :0. 07 




P 


0. 051 


0.263 


1.33 


0. 009 


0. 0011 


0. 026 


Cr:0. 11 


*«W 


Q 


0. 038 


0. 880 


1.31 


0. 010 


0. 0012 


0.028 


Zr:0. 05. REM: 0.0006 





0181640A1J_> 



23 



WO 01/81640 



PCT/JP00/08934 



CM 

m 







-ft 


$ 
-ft 


IS 




5 
3 


0 


35 


s 
c 

•ft 


« 


& 


IS 


« 


» 


m 




« 


w 


« 






s 
« 


* 
"ft 


m 
« 


CO 

b 


CO 


CM 

in 


to 




LO 


CD 


CO 


CM 

to 


co 


o 
■<r 


r- 


r- 
to 




CM 

•^r 


CD 
CO 


CM 

to 


to 


CM 

to 


o 
to 


CM 
■O 


CM 

to 


to 


=E '(0 

b ^ 


o 

CO 


to 

CO 


o 

CO 


o 

CO 


O 

CO 


o 
o 


o 

CO 


o 


o 
to 


o 
o 

CM 


to 

CM 


o 
to 


o 

CO 


to 

to 

CO 


CD 

to 


O 


o 

CO 


o 

CM 


CD 
CO 
CM 


o 

CO 


o 

CD 
CM 


o 

CM 
CO 


m 
s 
& 
m 


* 2 


CD 
CO 


CD 


CD 
CM 


*f 

CO 


CO 
CO 


O 

CO 


CD 
CO 


to 


CO 


to 
to 


CO 


CNI 
CO 


CD 


CD 


to 


CO 


o 


co 


O 


LO 


CM 

o> 


CO 
CO 




co 


CM 
CO 


CD 


to 


CO 
CM 


CD 


o 

CM 


CO 
CM 


to 


to 

CO 


to 

CO 


CM 


CM 


CM 
CM 




I— 

CM 


to 

CM 


CO 

CM 


os- 
co 


CM 
CM 


to 

CO 


CM 

co 


~ i 


co 


to 




CM 
CO 




CD 


to 


CM 


o 




CD 


CO 


to 


CO 


CD 




to 


to 


CD 


to 


CD 


CM 


m "to 
b % 


§ 


CD 
CO 


to 

CO 


o 

CO 


CO 
CO 


to 

CO 


o 


• CO 
CO 




to 

CD 




CO 


o 

CD 


CO 
CO 


o 
to 


CD 
GO 


CM 
CNJ 


CM 


CO 

to 






CM 


b % 


CO 
CO 
CO 


to 

CM 


CO 

to 

CO 


to 

1"- 
CO 


CM 
CO 

to 


CO 
CO 
CO 


to 
to 


to 

CO 


o> 


r» 
to 

CO 


CO 
CM 
CO 


to 
o 
to 


CO 
CD 


CO 

to 


CM 

r~ 


CD 

r- 

M" 


CD 
CO 
TT 


CO 
CM 

to 


to 

CO 


to 

CM 

to 


CO 
CO 


r~- 
co 

CO 


m 
□ 

at 


> 
> 


CO 

to 


co 

CO 


CD 




r— 


CM 


CM 


CO 




CO 

to 


to 
to 


co 


CM 

CO 


CO 




ro 

CO 


O 


CO 


to 

CD 


CO 
CM 


CO 


CM 

to 


E 
> 


CO 

to 


r- 
cd 


CM 


CO 
CO 


to 


to 

CO 


CO 
CO 


r- 
co 


1 


CO 

to 


CO 
CD 


CO 

cd 


CD 




i 


tr 

CD 


to 

to' 


O 

CO 


CO 


CM 


o 

to 


to 


* 

as 


I — 


C\) 
CM 


O 
O 


o 
o 

CO 


o 
to 


3 

to 
to 


o 

o 
to 


to 
to 


3 
o 


o 


3 
r- 


CM 
lO 


CO 

to 


CO 
CO 


to 

CM 

to 


CO 

to 


to 

CM 


CO 

oo 


O 

o 


to 

CO 


to 


to 

CD 




CO 

o 
o 


to 
o 


o 

CD 
O 


o 

CD 

o 


© 
to 


CD 
CM 


o 
o 


-to 

CM 
O 


1 


o 
o 


O 

o 


o 

CO 

o 


O 
CM 

O 


o 

CM 

o 


1 


O 
CM 

O 


to 

CO 

o 


to 

CM 

o 


O 
CM 

o 


to 

CM 

o 


r* 
o 

o 


r» 
o 

o 


o a. 






CM 




CM 


r— 


to 


CD 


to 




CM 


CO 


CO 


r- 


> 


CO 




CD 




o 


r~ 


to 




co 
r* 

o 


CO 
CO 

o 


to 
o 


CM 
CM 

o 


CM 


CD 

o 
cd 


CM 

o 


CO 

tr 


1 


CM 

««r 

CD 


O 

CNi 


CM 






CO 
CD 


to 


to 


CM 


to 

CO 


CO 


CM 
CO 


o 

CO 




o 


o 


o 

CO 


CD 
CM 


o 
to 


to 
to 


§ 


o 


o 




■-T-- 


CO 


~CM 


o 


CM 


CM 


to 


CM 


o 


CO 


o 


"o 






CM 


o 


O 


o 


o 


o 


to 


o 


CO 


O 


CM 


CO 


CO 


CM 


CO 


o 

CM 


CO 


o 


LO 


CO 


to 




CO 

o> 


CO 
CO 


o 

CO 


O 

r— 


o 


to 


o 
to 


to 

CO 


o 
o 


o 

CD 


CO 
CO 


to 

CO 


to 

CO 


co 


to 

CD 


to 

CO 


in 
r- 


CM 

co 


o 

CD 


CM 
OO 


Ti- 
er? 


T 

o> 






o 
to 


o 

to 


o 
to 


o 
to 


o 
to 
to 


o 
to 


o 
to 


s 


o 

lO 


o 
to 


o 
to 


o 

LO 


o 
to 


o 
to 


S 


o 

LO 


o 
to 


o 
to 


o 
to 


o 
to 


O 

to 


CD 

to 




° P 


o 

CD 


o 

CD 


o 

CD 


o 

CD 


to 


o 

CD 


o 
o> 


o 

CD 


o 

CD 


o 

CD 


o 

CD 


CD 
CD 


o 

CO 


o 

CD 


© 
CD 


CD 
CD 


o 

CO 


o 

CO 


o 

CD 


o 

CO 


o 

CO 


O 
CO 




CD 

J « 


to 


in 


to 


to 


to 


LO 


o 


to 


to 


to 


to 


to 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


Si 




o 

CO 

to 


o 
co 


i 


o 
o 


§ 


O 

o 




o 

CM 


o 

CNJ 


o 
to 


o 
to 


o 


CD 
CM 


CD 
CO 


CD 
O 


o 


o 

CO 


CD 
CO 


o 


CD 
CO 


o 

CO 


| 






o 
to 

CO 


o 
i — 

CO 


o 

CD 


o 
r- 


o 

CM 
CO 


O 
CO 
CO 


o 

CO 


O 
CM 
CO 


o 
o 

CD 


o 
to 
CO 


o 
to 

CO 


CD 
CO 


O 
CO 


o 

CO 


CD 
CD 
CO 


o 

CO 


o 

CO 


CD 
CO 


o 

CO 


o 

CO 


CO 


o 

CO 






o 


o 

lO 


o 
to 


o 
to 


o 
to 


o 

to 


o 
to 


o 
to 


1 


o 

8 


o 
o 

CM 


o 
to 


g 


CD 

to 


O 
CM 


CD 

to 


g 

CM 


o 
to 


g 


g 


o 


o 
o 

CM 








CO 


5 


2 


s 


T T 

CO o 


to 

CD 




LD 


U. 


CD 






-3 




—1 






o 




CD 



24 



DOCID: <WO 0181640A1J_> 



WO 01/81640 



PCT/JP00/08934 



#Tfc* mMMfcx. y^mmzz b^mm-tz* 
\^ < m 4 te7jk-ft±±ifj±mn& (ft) -e 1.2-5. 4mm (Dumtefcm 

Vfc&^ i4Ciftl(fit (CT) T*-?:^-e^##Sio fCo — 
ifcoV^T it|IEESt(-ff^ffi2. 7MPa, ^ft 0. 001 y 5/ h/W/cm 2 
© ^ # -e % je * ^ - y v ^ £ ?T o 0 

m 3 



No 


m 
m 






mm 


C 


Si 


Mn 


P 


S 


Al 




1 


A 


0. 100 


1. 360 


1. 32 


0. 008 


0. 0006 


0.032 




mmm 


2 


B 


0. 003 


0. 120 


0.24 


0. 080 


0. 0008 


0.019 






3 


C 


0. 090 


0. 007 


1.35 


0. 010 


0. 0007 


0. 030 




it mm 


4 


D 


0. 120 


1. 400 


0.02 


0. 007 


0. 0008 


0.031 




it^m 


5 


E 


0. 150 


1.920 


1.46 


0. 010 


0. 0010 


0. 036 


CinO.58. Ni:0.23, B:0.0002 


mmm 


6 


F 


0. 168 


1.950 


1.60 


0. 150 


0.0010 


0. 041 






7 


G 


0. 170 


1.900 


1.55 


0.008 


0. 0300 


0. 035 






8 


H 


0. 310 


1.350 


1. 30 


0. 012 


0. 0011 


0. 041 






9 


I 


0. 146 


1.880 


1.66 


0.011 


0. 0006 


0.032 


Ca:0. 0009 


mmm 


10 


J 


0. 155 


1.910 


1.60 


0. 010 


0. 0007 


0.030 


Ti:0. 07 


mmm 


11 


K 


0. 171 


1.790 


1.75 


0. 008 


0. 0008 


0. 040 


Nb:0. 03 


mmm 


12 


L 


0. 168 


1.900 


1. 55 


0. 007 


0. 0007 


0. 041 


Mo:0. 61 


mmm 


13 


M 


0. 095 


1.400 


1.35 


0. 013 


0. 0007 


0. 044 


V:0. 07 


mmm 


14 


N 


0. 110 


1.350 


1.40 


0. 007 


0. 0009 


0. 021 


Cr:0. 12 


mmm 


15 


O 


0. 100 


1.330 


1.44 


0. Oil 


0. 0012 


0. 026 


Zr:0. 05. REM: 0.0004 


mmm 



JIS Z 2201f3«5© 5 ^mm.}$ iZ.Mll JIS Z 2241fE M <D 2? ife 

25 



_01B1640A1_I_> 



WO 01/81640 



PCT/JP00/08934 



33 J; ZfW m ¥ 5 - 163590-51- & # T* R ^ $ tb T V> § 1$ 3g & ffi ^ T ^ y 
f-^^V. ^te^iim^^rffiVN 200-500 $F $F 3* "T? « & £ *t 4£ J? 
©1/4 t tfc(t§^ pM©S^$t-fe5 ( fcfcU 

m^x y>nt>tizm&&m ufc 0 si£«i5£#mjis z 224412 

m.Jjfe 0.049-0.098 N, U W H# m 15# T &> 5 0 

£fef£, llfc/Tfi 5 $ 98mm, ifiI38mm, ft /Jn fr M ^ © ipg 

20mm, ijU !9^#COft^^fg75S30mmT?feS5pMlft{f ^^MHJff-T, 

(D^BiHf 3£#f*Sfc«rfr ofc 0 li«^^^#tt«s 10X 
10 7 HI a w «9 ?3l£ a B -e^Ufcjfi (^^Pl 

*&JFS T 1001-19961B^<D^|£^^^^-^fc^o "C^tetfittCTW 



26 



WO 01/81640 



PCT/JPOO/08934 







5 


■W? 

53 




w 

*i 


m 
*i 


ij 


±i 


ij 








® 








& 


m 


« 


4R 


* 


« 


c 




m 
m 
ft 
« 


00 

b — 
b 


CO 

in 


to 


CO 


CO 

^s- 


in 
-3- 


-^r 


CO 




in 


in 




CD 


CD 

in 


CO 


to 


CM 


o 
in 


o 

IO 


in 


CM 

in 


CO 

m 


CO 

in 


CO 

tn 


* ? 

b § 


io 

CM 
CO 


O 
CNJ 

co 


o 
o 

CO 


o 
o 

CO 


o 

CO 
CM 


o 
o 

CO 


o 

CO 
CM 


o 
cn 
CM 


CO 
CO 




CM 


§ 

CM 




§ 

CO 


CO 


O 

in 


in 

CO 
CO 


o 

OJ 
CO 


to 

CM 


CM 


o 

CM 
CO 


o 

CO 


o 

CO 
CO 


m 
§ 




CM 
CO 


CM 


o 


to 

CO 


CD 
CO 


CO 

r— 


CO 

TJ* 


o 

CD 


CO 


CM 


CM 


CO 
CO 


CD 


CO 
CM 


CM 
CM 


CO 


o 
r- 


CO 
CD 


CM 
CO 


o 

CO 


CO 

r- 


in 


CD 
CO 


— Cp 
UJ 

X CO 
CO Q. 
1 — 2£ 


03 
CM 
00 
CM 
CM 


lO 
j — 
1 — 

to 


o 

LO 

to 

IO 


CO 
CO 


o 

CM 

o 

CO 


CM 
CO 


CM 


CO 
IO 


o 

to 

CD 


CM 
CO 


CM 

to 


CO 
CO 
CD 
TT 


o 

CO 
CO 
CM 


CO 

O 
CO 
CM 


IO 
CO 


co 


OJ 
CO 
CO 
CO 
CM 


O 
CO 

in 

CO 
CM 


CO 
CM 

CO 
CM 


CO 

o 

CM 
CM 


CM 

m 

CO 
CM 


in 

CO 

s 

CM 


CM 


— %p 
UJ C> 


co 


IO 

CM 


CM 


CM 


CM 


CM 


Si 


CM 


o 

CO 


co 


cn 

CM 


r*» 

CM 


o 

CO 


CO 
CM 


CO 
CM 




CO 


o 

CO 


CO 
CM 


co 

CM 


to 

CO 


in 

CO 


CO 


CO "to 
b S= 


r- 

CD 


CO 
CO 


CM 
CM 
CO 


CO 
O 

r- 


o 

CM 
CO 


CO 


CO 
CO 

in 


CD 
OJ 

to 


o 
in 

CO 


CO 
CO 


CO 
CM 

in 


5 

ID 


O) 
■ CO 

r- 


CM 
CO 


LO 
CO 


CO 

r- 
o 


OJ 


CD 


CO 
CO 


CO 


r- 
o 
to 


CD 


CM 
CO 


>- 'to 
b g 


OJ 
CO 


IO 
IO 
LO 


OJ 


o 

CM 
CO 


o 

CO 


in 

o 

IO 


CM 


r~ 


in 

CO 


o> 


CO 

O 
-a- 


CM 


CO 
CO 

to 


CM 
OJ 

to 


s 

CO 


•^r 
in 
co 


CD 

to 


O 

in 


O 
CO 


in 


OJ 

•^r 


O 
Tj- 




is 

Si 

□ 

■CN 
III 


4- 

> 

\ 
(0 
> 

or 


CO 


CO 

cm" 


1 


1 


I 


1 




1 


o 

CM 


1 


1 


CD 

r*"» 


CM 
CM 


CD 
CM 


CO 
CM* 


CM 
CO 


o 

CM 


CM 


CO 
CM 


CO 

c\i 


CO 


OJ 


CO 


■i 


CO 
CO 


cm| 


1 


1 


I 


1 


I 


1 


in! 




1 


ml 


CO 
co 


iri 


OJ 


m 


CO 


OJ 


CO 


CM 




CO 
CO 


r- 
co 




o 


o 


O 


o 


o 


o 


o 


o 


r*- 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


* it ^5 
ffi «f c 


o 


LO 


o 


o 


o 


o 


o 


o 


CO 


o 


o 


CO 


in 


o 


CD 


8 


CD 


in 


to 


CO 


CO 




O 


< 


io 


O 


to 

CO 


to 

CO 


o 

CO 


o 


o 


o 

CM 




o 


o 

CD 




in 


CO 


CO 


to 












CD 


r- 




tn 

CO 


to 

CO 


in 

CO 


IO 
CO 


o 

CO 


o 

CO 


o 

CO 


o 

CO 


io 

CO 


o 
o 


O 


o 

CO 


o 




CO 
CO 


in 

CO 


CO 
CO 




O 

r- 


CM 

r- 


in 

CO 


CO 
CO 


CO 
CO 




5 P 


o 

CO 
CO 


o 

CO 
CO 


o 

CO 
CO 


o 

CO 
CO 


o 

CO 
CO 


s 

co 


§ 

CO 


gl 

toj 


8| 


o 
o 


o 
o 
^J- 


o 
o 

"St 


o 


o 


o 


o 


O 


O 


o 


o 
^* 


o 

OJ 

co 


O 
OJ 
CO 


o 

OJ 
CO 




*"</> 


o 

OJ 


o 

OJ 


o 
o> 


o 
o> 


o 

OJ 


o 

CO 


H 


o 
cn 


o 

OJ 


o 
a> 


o 

OJ 


o 

OJ 


o 

OJ 


o 

OJ 


o 

OJ 


o 

OJ 


O 
OJ 


O 
OJ 


o 

OJ 


o 

OJ 


ID 

in 


to 
in 


in 
in 




CO 

.1 « 


CO 


CO 


CO 


CO 


CO 


ol 


CO 


CO 


CO 


in 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


m 


to 


in 


m 


5 P 


O 
CO 
CD 


O 

CD 


o 

CO 


oj 
to} 


Ol 


1 1 


o 

CO 


o 

CO 


o 

CO 
CO 


o 

CM 


o 

CM 
CO 


o 
in 

CO 


o 

CO 
CO 


o 

CO 
CO 


o 

CO 
CO 


O 
CM 
CD 


o 

CO. 

CO 


O 

CO 
CO 


o 

CO 
CO 


o 

CO 
CO 


o 
in 

CD 


o 
tn 

CO 


o 

to 

CO 




t P 


8 

00 


Ol 

r»| 


81 

CO] 


g 

CO 


g 

CO 


g 

CO 


o 
in 

CO 


o 
in 

00 


o 
to 

CO 


o 
o 
o> 


o 

CO 


o 

CO 
CO 


o 

CM 
CO 


o 

CM 
CO 


o 

CM 
CO 


O 
O 
CO 


o 

CM 
CO 


o 

CM 

oo 


o 

CM 
CO 


O 
CM 
CO 


o 
in 

CO 


o 

LO 
CO 


o 
in 

CO 




£ p 


o 

§ 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
in 


o 

LO 


o 

LO 


o 
in 


o 
in 


o 
in 

r* 


O 

to 


O 

to 


o 

to 


O 

in 


o 
o 

CM 


O 

§ 


o 

8 


Hi 




X 


? 

-a: 


X 


t 


I 


rp 
<c 


I 


o> 

4c 


CO 


o 


o 


UJ 




o 


m 




-3 




—J 


£ 


z 


O 






CM 


CO 




in 


CO 


r-» 


CO 




o 




CM 


CO 




in 


CO 




CO 


OJ 


O 
CM 


CM 


CM 
CM 


CO 
CM 



+6 

A 
V 

ih 
I 

A 
K 



27 



DOCID: <WO 0161640A1_L> 



WO 01/81640 PCT/JPOO/08934 

*J88J3K:$& 5 ©tt, lA-1, E , I, J, K, L, M, N, 
5 %&±25%SXT — XT-}- 4 b 

JPXttli:tfiL5Jpx«|je««|lS!««&jB»«l««s» kftTV^ . 

&:b-*>, iH A — 2 > ft±J±I^7fi^ (FT) &%:mW<Dmm <£ V) 
<EV^. ££oT, thf^^^gUTi^-lffi/^y^ (TSXEl) # 
fl£<, ft&fcfffi (X) fctev^ $lA-3te, £:JhJBEJi3&Ti&& (FT 

) ■fcJtmm&^.m ± 9 w < „ s wits $ ^ b^t-cv^ 

v^je>»A-]8§f4-*^ (TSXEl) #ffi<, &#|g&Jfc (a, / 

a B ) ^©^o iiA-4» % jirwj&s (mt) ffi *m w <d m H i 9 i& 

* (TSXEl) < % f ^IIlt ("a, y a B ) ¥SV\ 

«IA--5tt, (MT) tfS#38U§<E>«5ffl J: 5 ft < > 1 ftl i 

e>*XTV>fclNfc&5£g-*Et£>*7 V* (TSXEl) 
g^RS^tt; (a, /(7 B ) %{£V^ #SA-6te, $»@B£W 

(MT) g^ji-rs 5 * *mf8UM#k;ftTi^v^c&3iiS- 

(TSXEl) #ffi< % ^IS^ifc (a, / a, ) 
o *fc + ^-^^J£tf fit (^) fc#e>jftTV>fcV^ #SA-7^, 
#£>?££pii^ (CR) *s*»W©ttfflJ: U «< x S«lit5^ca 
II^W&ftTV^v^ 7 (tsxei) # <£ < , m 

%mmit (a w /*, ) msv^ s^+^ft^itw <it (x) 
iirwj^,, isa- 8tt, ^ifc^jg (ct) &^$%m(Dmm x v m < 

28 



DOCID: <WO 0181640A1_L> 



WO 01/81640 PCT/JP00/08934 

(TSXE1) 75MfiVN 0 $HA-9tt, iSSg (CT) W ©*5|ffl .fc 

7 (TSXE1) #4£v^ 

^ t»JttLJ»^#e>^-f (TS) *5 i^Jt^Kfttt: (a, / a 
b ) £>*bXV^V^ liCli, SiO^^S^^^BJ Ottffl^T £> 

+ (TS) *3 itf&^KgFJfc (a, /a B ) # * £> *L 

§ $ * p|ait^# £>;ft/-cv^v^c#>3£^-Mt£^7 (tsxei) 

^^PS^it (a, /<j b ) M£v^ HFii, po^liis 
**W©ISiB^Tf *>S ©t* + #fc£#IR£Jfc (a, /a, ) 

ED , K&um (x) *5 xxim^m&it (a, /o B > ##&*lt 

»*540MPa^JiO«^|a|(|fc***5 J; tJf^©«at*"ffiS:«#lf-r5 t> <£> 



29 



.01B1640A1_L> 



WO 01/81640 



PCT/JPOO/08934 



I * © fe I 

1 . IC»% T*. 

C : 0. 01~0. 3 % „ 
Si : 0. 01~ 2 % N 
Mn : 0. 05~ 3 % , 
P : ^0.1 % „ 
S : ^ 0. 01% N 
Al : 0. 005 ~ 1 % , 

T> H — ^K59^^^#^r 7 a t-Y h 5p*|J^#i?l^ b fcflt 054^ ± 
0.8 ^T, *>-o % fjf~ *B©^*«|^^ 0.2%JJ(±3%«Tt?fe5r 

2 . fC * % X % 

C : 0. 01~0. 3 % „ 
Si : 0. 01— 2 % , 
Mn : 0. 05~ 3 % , 
P : ^0.1 % x 
S : ^0. 01 % N 
Al : 0. 005 ~ 1 % % 
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3. Htl, ft%-C, Cu : 0. 2~ 2 % £^ ^ <D ~7 ^ y 4 

mt -r § it ikm i 2 ^tsm^^-y >^jDittic«^ 

4 . $ h B : 0. 0002~0. 002 %?:tft5:^l: 

5. ^^(C, li%T\ Ni: 0. 1~ 1 % %^^1r 5 ^ b & *&Wt h 

irzm&m l ftv^ bit ^e^4 ovN-ftt^ i ^ (.r fg g$ <£> ^ - y ^^ftp 

6 . § h ft»%T?, 
Ca : 0. 0005~0. 002 % „ 
REM : 0. 0005~0. 02% 

ft ^ 5 ©VN-f ixa* i 3?te3E*i©^ — y v^^px&^^tts 

Ti : 0. 05~0. 5 % % 
Nb : 0. 01 ~0. 5 % % 
Mo : 0. 05~ 1 % N 
V : 0.02—0.2 
Cr : 0. 01~ 1 % „ 
Zr : 0. 02~0. 2 % 
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9. Krfla^^Sr'^tftt^OSRMJEffiKilRU, Ar 3 g£ II ft _L 
Ar 3 £«^aft + 100 *C « T ft _fc EE 3BE&J&T Lfclfe, Ar x 

<Di$L, 20°C/ s Sk±(D y &M^&X*1>%i%l IT, 350°C T <£> aftftS H 

v-ftta* i m^mmo^ - v ^^iniiiicins i«53£#3£ft«i3&© 

M at ?fe o 

f"^^-^^?rit*v\ Ar 3 mm&umu±kr 3 gj&j&aft + io 

0 °CKTT?iratt±flE®^^7tfcf , Ar, fcttjfta'ftB* -fcAr a & 
i^i&^^T©S«T' 1 —205B>WJ»W 20°C/s^_h 
© *P St ft "C* 'tfr'ii? U T „ 350°C SI T © a ft *K ffl IR aft T* # 

11. tufB^^^^i-6ii%Ar 3 aglR^aftKJiT»JRM£E3ESr3»T 

L- > «i<K«fc, ?&^ffi/ct, a Ci ^«i^aft^±Ac3 seii^aft 

£tToaft^T730-150 fpm&nv, *:<D'&., ,20°C/ s m_h©J^*P 

Bftt? 350°c^T©aft^*-^?^*Pi-5 c ^#m^-T5ff 1 

bit 7 <D\,^-ftlfr 1 3Sfc|B*©^— y ^^iPXft^«tl/S 

12. WIBj*^Sr^tP<ll>f-©fHWJEE3iiK:»U, Ar 3 ^H^aft£*± 
Ar 3 gtfijftaft + 100 0 C^TtiP H m±ffiI^^7tfcf , Arj 95 
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7 s ^^r- y >-^£tT&V^ Ar 3 ^B^SS^±Ar 3 + 

0 "C^T-elflttllES^iTLfct, Ar, ^M^^^^_hAr 3 £ 

c^sp^s-c^p l-t % 350 m 45o°cuT(D^m^m (Dmrn-^mx 
^ t %!$mk -tzm 1 ^ uft^ 7 <dv^ 1 m 

14. mBj3c#£^tplS)f £Ar 3 ^^j^?B.S£A±^?^MJES6^r^T 

u m<wam. ^mmmi^fcm, a Ci &a&Ai&££*_LAc 3 ^s^ia 
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